Since the discovery of adipokines, the adipose tissue is no longer considered to be an inactive fat storage. It secretes a variety of bioactive molecules, which regulate body metabolism and energy homeostasis. One of these molecules is the adipokine adiponectin. In different tissues, adiponectin triggers metabolic effects through the adenosine monophosphate-activated protein kinase (PRKA), which is a master regulator in glucose and lipid metabolism. Recent studies point to a role for adiponectin in reproduction. Adiponectin and its receptors are present in female reproductive tract during pregnancy, and the preimplantation embryo is fully equipped with adiponectin. Here, we show that both receptor isoforms, ADIPOR1 and ADIPOR2, are expressed in 6-day-old rabbit blastocysts. To investigate the signaling pathway of adiponectin in preimplantation embryos, rabbit blastocysts were cultured in vitro and stimulated with adiponectin. Supplementation of adiponectin (1 lg/ml) enhanced PRKA alpha 1/2 (PRKAA1/2) phosphorylation and decreased expression of phosphoenolpyruvate carboxykinase 2 (PCK2), a key regulator of gluconeogenesis. Inhibition of PRKAA1/2 by Compound C (10 lM) restored PCK2 transcription. Adiponectin enhanced embryonic glucose uptake and led to a translocation of solute carrier family 2 (facilitated glucose transporter), member 4 (SLC2A4), previously known as GLUT4. We conclude that adiponectin influences the glucose metabolism of rabbit blastocysts via the phosphorylation of PRKAA1/2, which in turn results in a decrease of gluconeogenesis and an increase in glycolysis. The regulatory influence of adiponectin on glucose metabolism of blastocysts may be of specific interest in pathophysiological situations, such as obesity during pregnancy.
INTRODUCTION
Since the discovery of adipocyte-derived hormones, named adipokines, the adipose tissue is no longer considered to be an inactive fat storage. It is the largest endocrine organ in the body and secretes a variety of biologically active polypeptides and lipids, which regulate body metabolism and energy homeostasis. One of these secreted molecules is adiponectin, a 26-kDa polypeptide that is synthesized and secreted predominantly, but not exclusively, from mature adipocytes [1] . It has various functions in lipid and carbohydrate metabolism.
Since the identification of adiponectin by four independent groups [1] [2] [3] [4] , many publications have implicated a role for adiponectin in a range of pathological states. Paradoxically, notwithstanding being secreted from adipose tissues, adiponectin levels drop in the obese state [5] . In fact, adiponectin levels are inversely correlated with obesity and obesityassociated disorders like type 2 diabetes, cardiovascular disease, and hepatic dysfunction [5] [6] [7] [8] [9] [10] . The association of low adiponectin levels with obesity underlines the importance of adiponectin in obesity-related comorbidities.
Adiponectin circulates at high concentrations (0.5-30 lg/ ml) in human plasma under normal physiological conditions, and its level is maintained in a very narrow range [11] . It can assemble into trimeric complexes, which can further aggregate into hexameric forms or high-molecular-weight (HMW) complexes containing 18-36 molecules [5, 11] . Several studies point to HMW adiponectin as the most bioactive form [11] . Downstream activation of signaling pathways is dependent on adiponectin isoforms [12] . Adiponectin acts via its specific receptor (ADIPOR), which exists in two isoforms (ADIPOR1 and ADIPOR2) [13] . Our group has previously reported that the mRNA of both receptors is expressed in rabbit and mouse blastocysts [14] .
Adiponectin triggers metabolic effects through the adenosine monophosphate-activated protein kinase alpha 1/2 (PRKAA1/2), which is a master regulator in glucose and lipid metabolism [15] . Phosphorylation of PRKAA1/2 switches on catabolic pathways (i.e., fatty acid oxidation and glycolysis) and turns off anabolic pathways (i.e., lipogenesis and gluconeogenesis). Classical targets of PRKAA1/2 are the acetyl coenzyme A carboxylase (ACACA/B), a major regulator of lipid metabolism; phosphoenolpyruvate carboxykinase 2 (PCK2), the key enzyme for gluconeogenesis; and the solute carrier family 2 (facilitated glucose transporter), member 4 (SLC2A4), known for the insulin-sensitive uptake of glucose.
Glucose is the main energy substrate during blastocyst formation and development in mammals. Our group has recently shown expression of the insulin-sensitive SLC2A4 isoform in mouse preimplantation embryos [16] , and we were able to demonstrate the expression of SLC2A4 and SLC2A8 in rabbit blastocysts [17] . Insulin is able to stimulate glucose uptake in mouse blastocysts [18] . It is noteworthy, however, that we observed neither SLC2A4 translocation nor increased glucose uptake after insulin stimulation in rabbit blastocysts [19] . The glucose uptake in rabbit blastocysts therefore works independently of insulin.
Until now, knowledge about the potential roles of adipokines in reproduction has been limited. Most studies have investigated leptin and its impact on female reproductive organs and pregnancy [20] [21] [22] [23] . So far, much less is known regarding other adipokines, such as adiponectin [14, 24] . Its expression and possible function in early embryos is far from certain. In the present study, we use the in vitro culture of rabbit blastocysts to investigate the effects of adiponectin on embryo metabolism. We show a functional adiponectin signaling in preimplantation embryos, starting with the phosphorylation of PRKAA1/2 and ending in an increased glucose uptake via SLC2A4 and a decrease in PCK2 expression.
MATERIALS AND METHODS

Adiponectin Overexpression and Isolation
The HEK-huAcrp30 cells stably transfected with human adiponectin produce a supernatant enriched with human recombinant adiponectin-HA. The HEK-huACRP30 cells were a generous gift from Prof. Susanne Rohrbach (Institute of Physiology, University of Gießen, Germany). For adiponectin isolation, HEK-huAcrp30 cells were cultured with serum-free Dulbecco modified Eagle medium (Gibco) supplemented with 1 mM sodium pyruvate. The cells were cultured in a humidified atmosphere with 20% O 2 and 5% CO 2 at 378C. The supernatant was centrifuged at 3000 3 g and 48C for 10 min. Afterward, the supernatant was filtered (pore size, 45 lm) and stored at À208C until use. After thawing the supernatant on ice, the proteins were precipitated with an ammonium sulfate solution (40% wt/vol). The proteins were pelleted through centrifugation (1 h, 3000 3 g, 48C) and then resuspended with 1 ml of a low-salt buffer (20 mM Hepes [pH 8] and 50 mM NaCl). The isolation of the adiponectin was performed with the lMACS Epitope Tag Protein Isolation Kit (lMACS Anti-HA MicroBeads; Miltenyi Biotec) according to the manufacturer's instructions. After isolation of adiponectin via the lMACS separator, the eluate was dialyzed with a higher-salt solution (20 mM Hepes [pH 8] and 125 mM NaCl) at 48C overnight to increase the concentration of adiponectin. The higher-salt solution was replaced once. Afterward, the protein concentration was measured spectroscopically, and both native and denaturing Western blots were performed with an antibody against adiponectin (Cell Signaling Technology; data not shown). An adiponectin concentration of 17 lg/ll was determined. The protein solution was aliquoted and stored at À208C until use.
The rabbit kidney cell line RK13 was stimulated in vitro with human adiponectin (1 lg/ml for 10 min) to prove the responsiveness of rabbit cells to human adiponectin and to confirm the specificity of the antibody reactions on rabbit samples. Protein samples of treated and untreated rabbit kidney cells were added as positive controls to the pPRKAA1/2 Western blot.
Ethics
The experimental protocol was approved by the responsible committee for animal use and care (Approval 43.2-42502/2-291-I 11M6, Regierungspräsi-dium Sachsen-Anhalt, Dessau).
Embryo Recovery and In Vitro Culture
Embryos were collected from sexually mature rabbits stimulated with 150 IU of equine chorionic gonadotropin (Intervet) given s.c. 3 days before mating. After mating, 75 IU of human choriogonadotropin (Schering AG) was injected i.v. Mating and embryo recovery [25] as well as embryo culture [26] were performed as previously described. At Day 6 post coitum (p.c.), blastocysts were flushed from uteri, washed three times, pooled, and randomly divided among the experimental groups. To study the effects of adiponectin on PCK2 expression, SLC2A4 translocation, and glucose transport, the blastocysts were cultured in groups of five in 4 ml of BSM II media [27] at 378C in a saturated atmosphere of 5% O 2 , 5% CO 2 , and 90% N 2 [28] in a water-jacketed incubator (BB 6060; Heraeus). After a preculture of 2 h in BSM II media, 1 and 10 lg/ml of adiponectin (10 lg/ml only in PCK2 expression experiments) were added to the culture media, and the culture was continued for 1 h. These concentrations were employed because they reflect normal serum concentrations in humans and rodents [11, 29] . Controls were cultured without adiponectin but otherwise treated identically.
RNA Extraction and cDNA Synthesis
For RNA extraction, pooled or single embryos were stored in PBS at À808C. Messenger RNA was isolated with Dynabeads (Dynal) and subsequently used for cDNA synthesis. All protocols were used according to the manufacturer's instructions, with modifications as described by Tonack et al. [16] . Total RNA from tissues was isolated using TRIzol reagent (Invitrogen). The amount of total RNA was determined spectrophotometrically at 260 nm. DNA synthesis was performed as previously described [17] .
Real-Time RT-PCR for PCK2 and GAPDH Samples were analyzed by real-time RT-PCR as previously described [30] with the appropriate primer sets: rabGAPDHfw, 5 0 -GCCGCTTCT TCTCGTGCAG-3 0 , and rabGAPDHrev, 5 0 -165, ATGGATCATTGATGGCG ACAACAT-3 0 (GenBank accession number L23961); rabPCK2fw, 5 0 -TGCG GCCTCCAAAGATGATG-3 0 , and rabPCK2rev 5 0 -169, CCCTGGAAACCT GGTGACAAGG-3 0 (GenBank accession number EF616471). Each PCR included duplicates of each cDNA sample and a no-template control for each primer set. Relative mRNA expression for PCK2 and GAPDH (glyceraldehydes-3-phosphate dehydrogenase) was calculated using the DDCT method. The expression of GAPDH RNA was used to normalize samples for the amount of cDNA used per reaction. To confirm the amplification, the resulting realtime RT-PCR products were analyzed by dissociation curves, visualized in an agarose gel (GAPDH, 144 bp; PCK2, 143 bp), and sequenced. In each real-time RT-PCR, a calibration curve was included that was generated from serial dilutions (10 6 , 10 5
, 10 2 , and 10 1 copies) of primer-specific DNA probes generated from cDNA plasmid clones. Analysis of the individual data therefore yielded values relative to these standards. For each group, the number of analyzed blastocysts is given in the diagram bar. Data are expressed as percentages relative to control blastocysts.
Immunohistochemistry
Immunohistochemical localization of ADIPOR1 and ADIPOR2. The localization of ADIPOR1 and ADIPOR2 was investigated in rabbit blastocysts at Day 6 p.c. In vivo-derived blastocysts were washed twice in ice-cold PBS and fixed in 4% (wt/vol) paraformaldehyde for at least 1 h. The fixed blastocysts were washed again in ice-cold PBS and transferred to 0.05% (wt/ vol) polyvinyl alcohol (PVA)/PBS. Blastocyst coverings [31] were removed mechanically. The embryonic disk was mechanically dissected with surgical forceps and scissors (Fine Science Tools GmbH) and either used immediately for immunohistochemistry or stored in 100% methanol at À208C until use. The embryonic disk was still surrounded by trophoblast cells, allowing the analysis of both cell lineages by immunohistochemistry. Stored embryonic disks were rehydrated through a series of graded alcohols. The DAB reaction was stopped in water after 10 min. Blastocysts were counterstained with hematoxylin and subsequently embedded on Superfrost slides (Menzel Gläser) using 4.8 g of Mowiol reagent (Calbiochem) dissolved in 12.0 g of glycerol (Merck). Embryonic disks were examined by light microscopy (Axioplan; Carl Zeiss). The specificity of immunostaining was proven by the absence of signals in samples processed after omission of the primary antiserum.
Translocation of SLC2A4. The specimens were processed as described before. Nonspecific antibody binding was blocked by 10% (vol/vol) normal goat serum in PBS at room temperature for 1 h. The samples were incubated with the primary antiserum overnight at 48C. The SLC2A4 antibody (Abcam) was diluted 1:2000 in 3% (wt/vol) BSA/PBS. Samples were washed three times with 0.05% (wt/vol) PVA/PBS and incubated with the secondary fluorescein (fluorescein isothiocyanate)-conjugated antibody (AffinPure goat anti-mouse IgG; 1:300; Jackson ImmunoResearch Lab.). The nuclei were counterstained with 7-amino-actinomycin (DAKO Cytomation) for 90 min. The sections were subsequently embedded as described before. Disks were examined by fluorescence microscopy with a Zeiss Axioplan. The specificity of immunostaining was proven by the absence of signals in samples processed without primary antiserum.
Protein Preparation
Blastocysts were washed three times with ice-cold PBS after culture, and 8-10 blastocysts per group were transferred to a 1.5-ml Eppendorf tube. The blastocysts were homogenized in 100 ll of cold RIPA (radioimmunoprecipitation assay) buffer (PBS, 1% vol/vol NP-40, 0.5% wt/vol sodium deoxycholate, and 0.1% wt/vol SDS) with protease inhibitor (Complete Protease Inhibitor Cocktail Tablets; Roche) and phosphatase inhibitor (Phos-STOP Phosphatase Inhibitor Cocktail Tablets; Roche) cocktails. The samples were incubated for 30 min on ice and then centrifuged at 13 000 3 g for 20 min. The supernatant was stored at À808C until use. The total protein content was determined using the Bio-Rad Protein Assay (Bio-Rad).
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Immunoblotting
Western blots were performed with 25 lg of total protein from groups of 10 Day 6 p.c. blastocysts cultured with or without adiponectin (1 lg/ml) for 15 min. Western blot analysis was repeated twice in two independent experiments. Equal amounts of protein (25 lg) were heated at 708C for 10 min, solubilized in Laemmli buffer, and electrophoresed on a 10% SDS-PAGE. Proteins were electrotransferred to nitrocellulose membranes. For detection of all first antibodies, membranes were blocked in Tris-buffered saline containing 0.1% (vol/vol) Triton X-100 (0.1% TBST) with 5% (wt/vol) nonfat dry milk at room temperature for 1 h. Blots were incubated with monoclonal antibodies, according to the manufacturers' protocols, using the rabbit monoclonal antiphospho-AMPK-a (Thr172) or the mouse monoclonal anti-phospho-AKT (Ser473) diluted 1:1000 in 5% (wt/vol) BSA/TBST and nonfat dry milk/TBST, respectively (both from Cell Signaling Technology) or with the mouse monoclonal anti-human b-actin diluted 1:40 000 in 3% (wt/vol) BSA/TBST (Sigma-Aldrich Chemie GmbH) at 48C overnight.
The specific activity and the cross-reactivity with the appropriate rabbit protein were controlled for the antibody on rabbit heart muscle. The antibodies were specific for rabbit tissue and RK13 cells. Blots were subjected to three 5-min washes in 0.1% TBST and incubated for 1 h at room temperature with antirabbit (1:15 000) IgG conjugated to HRP (DAKO Cytomation) in 5% (wt/vol) nonfat dry milk/TBST or with anti-mouse (1:45 000) IgG conjugated to HRP (Dianova) in 3% (wt/vol) BSA/TBST. After three 5-min washes in 0.1% TBST and two 5-min washes with Tris-buffered saline, the immunoreactive signals were visualized by enhanced chemiluminescence detection (Immobilon Western Chemiluminescent HRP Substrate; Millipore GmbH) and quantified by ChemiDoc-It Imaging System (LTF Labortechnik). Apparent molecular weights were determined by comparison with PageRuler prestained molecular weight marker (Fermentas). The amounts of phosphorylated proteins were evaluated by stripping the membranes and reblotting with an actin antibody. For this, the blots were rinsed with 2% (wt/vol) SDS, 60 mM Tris-HCl (pH 6-7), and 100 mM b-mercaptoethanol at 708C for 30 min and reprobed with mouseanti-actin antibody. As control for the stripping efficiency, the membranes were incubated without adding primary antibody to check that all antibodies had been removed. The amount of phosphorylated PRKAA1/2 relative to actin was measured in each sample by image analysis. Protein phosphorylation was calculated as the ratio of band intensities (phosphoprotein vs. actin) in the same blot to correct for differences in protein loading. The relative stimulation of phosphorylation by adiponectin was calculated as the ratio of the phosphorylation signal of adiponectin-treated and nontreated embryos.
Western blot analyses were performed at least twice in two independent experiments.
Glucose Transport Studies
Glucose uptake was measured as previously described [32, 33] . In brief, embryos were washed three times in glucose-free BSM II media after 1 h of exposure to 1 lg/ml of adiponectin and transferred into 600-ll pulse droplets, kept strictly at 378C for 3 min. The glucose-free pulse medium contained 0.
H]glucose (3-OMG; 37 GBq/L; Amersham) and 25 mM 3-OMG (Sigma-Aldrich). Uptake was stopped after 3 min by transferring the embryos through four washes of ice-cold, glucose-free BSM II media. The diameters of the embryos were recorded using a calibrated ocular micrometer. Radioactivity of individual embryos was determined in a Packard 1600TR liquid scintillation analyzer. In three experimental replicates, 35 blastocysts were studied. Uptake of 3-OMG is expressed as nanomoles per minute per surface area (cm 2 ). The surface area of the spherical blastocysts (4pr 2 ) was calculated as described [34] and used to standardize for the differences in size between 6-day-old rabbit blastocysts.
Statistical Analysis
All values are expressed as the mean 6 SEM. Statistical analysis of differences observed between the groups was performed by Student t-test. Statistical significance was accepted at P , 0.05. Fig. 1A) and ADIPOR2 (Fig. 1B) protein is expressed in fully expanded rabbit blastocysts at Day 6 p.c. in both embryoblast and trophoblast. The receptors are localized in the cytoplasm and, less intensively, in the cell membranes (Fig. 1, D 
RESULTS
Expression of ADIPOR Isoforms in Day 6 Rabbit Blastocysts
ADIPOR1 (
and E).
Adiponectin Stimulates Phosphorylation of PRKAA1/2 in Day 6 Rabbit Blastocysts
Active PRKAA1/2 is phosphorylated at threonine 172. The antibody used (phospho-AMPK-Thr172) detects PRKAA1/2 when phosphorylated at this site. Western blot analysis with phosphospecific anti-AMPK showed that addition of 1 lg/ml of adiponectin for 15 min increased the level of PRKAA1/2 phosphorylation in cultured blastocysts (Fig. 2A) . The relative increase in phosphorylation by adiponectin treatment in comparison with untreated controls is shown in Figure 2B . PRKAA1/2 phosphorylation was stimulated by approximately 4-fold by adiponectin treatment (P , 0.05), indicating functional adiponectin signaling in the Day 6 p.c. rabbit blastocyst.
Adiponectin Stimulates Glucose Uptake in Day 6 Rabbit Blastocysts
The rate of 3-OMG uptake was increased by approximately 60% (P , 0.001) in blastocysts stimulated with 1 lg/ml of adiponectin for 1 h (Fig. 3) . 
Adiponectin Stimulates SLC2A4 Translocation in Day 6 Rabbit Blastocysts
In trophoblast and embryoblast cells of adiponectinstimulated blastocysts, SLC2A4 localization was examined by immunofluorescence. In nonstimulated embryos, SLC2A4 was localized in the cytoplasm (Fig. 4D) . This localization was clearly changed after 1 h to the cell membrane by treatment with 1 lg/ml of adiponectin (Fig. 4A) . The translocation of SLC2A4 was observed mainly in trophoblast cells.
Adiponectin Stimulates AKT1 Phosphorylation
AKT1 is phosphorylated at serine 473. Western blot analysis with phosphospecific anti-AKT antibody showed that addition of 1 lg/ml of adiponectin for 15 min increased the level of AKT1 phosphorylation in cultured blastocysts (Fig. 5) . The relative increase in phosphorylation by adiponectin treatment is shown in Figure 5B . AKT1 phosphorylation was stimulated by at least 70%, and up to 740%, by adiponectin treatment in individual experiments (P , 0.05). In all replicates, a significant phosphorylation of AKT1 was observed after adiponectin stimulation.
Adiponectin Downregulates PCK2 Transcription
The key enzyme of gluconeogenesis is PCK2. Its mRNA was quantified in separated embryoblasts and trophoblasts by real-time PCR. A significant decrease (P , 0.01) was observed for 1 lg/ml of adiponectin after 1 h of stimulation in both cell lineages (Fig. 6A) , whereas 10 lg/ml of adiponectin failed to decrease the PCK2 amount. PCK2 transcript numbers were approximately 2-fold higher in trophoblast than in embryoblast. The PCK2 decrease was blocked by Compound C (6-[4-(2-piperidin-1-yl-etoxy)-phenyl]-3-pyridin-4-yl-pyrrazolo[1,5-a]pyrimidine), a specific PRKAA1/2 inhibitor (Fig. 6B) , demonstrating that the downregulation was specifically related to PRKAA1/2 phosphorylation by adiponectin. 
DISCUSSION
The preimplantation period of pregnancy is one of the most sensitive and risky phases in ontogeny. It is characterized by essential cross-talks between the embryo and maternal tissues. Different pathways in the embryo are dependent on maternal signals, among them the adipokine-mediated cross-talk [24] . In the present study, we show that adiponectin participates in these interactions, and we demonstrate an active adiponectin signaling in the rabbit blastocyst. Stimulation by adiponectin has a clear effect on the glucose metabolism of preimplantation rabbit embryos.
We have shown previously that adiponectin is produced by the uterine epithelium and by the embryo itself [14] . ADIPOR1 and ADIPOR2 mRNA is expressed in the rabbit and mouse blastocyst [14] . In the current study, we could prove the protein expression of ADIPOR1 and ADIPOR2 in rabbit blastocysts (Fig. 1) . Both receptor isoforms are located in the cytoplasm of embryoblast and trophoblast cells. Thus, adiponectin and its receptors are present in the rabbit blastocyst at Day 6 p.c. on the mRNA and protein levels.
Stimulation of Day 6 p.c. rabbit blastocysts with adiponectin (1 lg/ml for 15 min) produced a 4-fold increase in phosphorylation of PRKAA1/2 (Fig. 2) . This increase of phosphorylation in response to adiponectin demonstrates that the ADIPOR signaling pathway via PRKAA1/2 was activated by the hormone treatment. The activation of this key enzyme of energy metabolism is followed by an activation of downstream targets [35] . For the first time, functional adiponectin signaling could be demonstrated in blastocysts by phosphorylation of one of its most important downstream targets, PRKAA1/2, and stimulation of glucose uptake.
Adiponectin has direct effects on energy metabolism by increasing glucose uptake approximately 70% (Fig. 3) . If phosphorylated by a hexokinase, glucose-6-phosphate is locked intercellularly and will be catabolized by glycolysis. Gluconeogenesis is decreased by adiponectin, as indicated by the depressed expression of PCK2 (Fig. 6A) . PCK2 catalyzes one of the rate-limiting steps of gluconeogenesis, the reaction of oxaloacetic acid to phosphoenolpyruvate. As shown previously [30] , the PCK2 gene is expressed in both cell lineages of the blastocyst but with a significantly higher amount in the trophoblast (Fig. 6A) . In both cell lineages, we could only see an effect on PCK2 transcription with the lower adiponectin concentration. In a recent study employing the same experimental schedule but stimulating rabbit blastocysts with insulin instead of adiponectin, however, we showed a reduction in PCK2 expression, exclusively in the trophoblast [30] . We conclude that adiponectin acts in the rabbit blastocysts differently than insulin does, because adiponectin decreased PCK2 expression in both cell lineages and raised glucose uptake.
We noticed a different effect after stimulation with 1 lg/ml of adiponectin than after stimulation with 10 lg/ml of A) The adiponectin stimulation was performed for 60 min with 1 or 10 lg/ml of adiponectin. PCK2 transcription was analyzed in single blastocysts that had been separated into embryoblast (Em) and trophoblast (Tr) after culture. Real-time PCR was performed on individual probes of Em and Tr. The amounts of PCK2 RNA were calculated relative to GAPDH as arbitrary units with the unit for Em in controls set at 100%. A significant decrease in PCK2 copies after adiponectin treatment was measured in Em and Tr (**P , 0.01). The number of pooled blastocysts used for analysis is inserted in the bars. Supplementation significantly decreased PCK2 amounts (*P , 0.05; **P , 0.01; ***P , 0.001). An inhibition of PRKAA1/2 by Compound C blocked the adiponectinmediated reduction of PCK2 mRNA (B). adiponectin. These concentrations have been employed because both reflect normal serum concentrations [11, 29] . At present, it is not known which concentration of adiponectin is present in the uterine milieu of the rabbit. We can only speculate that 10 lg/ml may be too high and the receptor might be blocked by its own substrate. In addition, the different aggregates of adiponectin have to be taken into consideration, especially during an in vitro study, in which they may change their quaternary structure and lose their binding ability. Another explanation could be that different adiponectin concentrations may lead to distinctly different physiological answers. Tsao et al. [12] have shown that only monomeric and trimeric adiponectin, not hexameric or HMW adiponectin isoforms, activate PRKAA1/2 in skeletal muscle.
In the current study, the lower adiponectin concentration influenced glucose metabolism. It is possible that higher concentrations have an effect on other physiological answers, such as fatty acid metabolism.
We inhibited adiponectin signaling by 10 lM Compound C. This is a potent and highly selective inhibitor of the PRKAA1/ 2 [36] . It does not inhibit other structurally related kinases. Compound C treatment abolished the effect of adiponectin on the mRNA expression of PCK2 (Fig. 6B ). This is a crucial functional proof of adiponectin signaling via PRKAA1/2 in rabbit blastocysts.
Aside from this, we were able to show immunohistochemically a translocation of SLC2A4 from the cytosol to the cell membrane (Fig. 4) after adiponectin stimulation (1 lg/ml). This translocation took place in the trophoblast (Fig. 4A ) and, to a lesser extent, in the embryoblast (Fig. 4E) . It is important to note that in a previous study [19] , insulin was not able to induce the translocation of SLC2A4 or to increase glucose uptake. It is tempting to speculate that adiponectin may be one substitute (among others?) for insulin to facilitate glucose uptake in blastocysts.
In line with this view is the observation of AKT1 phosphorylation (Fig. 5) after adiponectin stimulation. Phosphorylation was enhanced by more than 4-fold (Fig. 5B) . AKT1 is the typical downstream mediator of the metabolic (but not mitogenic) effects of insulin. It becomes phosphorylated in response to PIK3C2 (phosphoinositide-3-kinase) activation. One of the induced effects is SLC2A4 translocation. To our knowledge, that adiponectin also can induce this effect as well as ''substitute'' an insulin effect in blastocysts has not been described so far. Whether AKT1 phosphorylation follows PRKAA1/2 phosphorylation or is an adiponectin effect independent of PRKAA1/2 needs further investigations.
An adiponectin-mediated activation of AKT was also observed in CWR22Rv1 prostate cancer cells [37] , in bovine aortic endothelial cells [38] , and in human umbilical vein endothelium cells [39] . Ouchi et al. [39] were able to show increased PRKAA1/2 and AKT phosphorylation after adiponectin stimulation. This activation was necessary to stimulate endothelial nitric oxide synthesis (NOS3) and angiogenesis. This signaling could be abolished by a dominant-negative PRKAA1/2 or AKT. Interestingly, the dominant-negative PRKAA1/2 also inhibited the phosphorylation of AKT after adiponectin stimulation, whereas the dominant-negative AKT or pretreatment with a PIK3C2 inhibitor (LY294002 or wortmannin) did not [39] . These data indicate that the phosphorylation of PRKAA1/2 is upstream of AKT in the adiponectin signaling pathway-at least in endothelial cells. So, it is possible that the AKT1 phosphorylation seen in our experiment is also dependent on the activation of PRKAA1/2.
At present, our understanding of how adiponectin signaling works remains incomplete. Recently, APPL1 (adaptor protein containing pleckstrin homology domain-1) was identified as the first ADIPOR1/ADIPOR2-interacting protein [40] . APPL1 interacts with Rab5, a small GTPase [41] , and with AKT1/2 and PIK3C2 [42] . So, it is possible that AKT1 gets activated, independently of the PRKAA1/2 phosphorylation, after adiponectin stimulation. In addition, adiponectin is able to stimulate the interaction between APPL1 and RAB5, a key regulator of endocytosis, leading to an increase in SLC2A4 membrane translocation and, accordingly, an enhanced glucose uptake [40] . Collectively, these data support our results in Day 6 p.c. rabbit blastocysts stimulated with adiponectin and the hypothesis that adiponectin may, at least in part, substitute metabolic insulin effects.
The expression of adiponectin is downregulated in obese women [5] . Most likely, blastocysts have to live with a lower amount of adiponectin provided by obese mothers. This decrease in adiponectin availability may perturb the glucose metabolism of the preimplantation embryo. Therefore, not only endocrinopathies of obese women but also a perturbed energy metabolism of the preimplantation embryo may contribute to the subfertility known from obese women [43] .
In summary, we show that adiponectin signaling is functional as early as preimplantation embryo development. It influences the glucose metabolism of the rabbit blastocyst by an enhanced glucose uptake via SLC2A4 translocation and decreased gluconeogenesis, substituting for classical insulin effects. Further investigations will show the impact of adiponectin on embryo viability and its impact on reproduction.
